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loss in antenna gain can be compensated to
some extent by amplification. This is obviously
not the case for the bandwidth. If the imped-
ance match is much better than required,
broad banding techniques could be used.5 For
a given configuration, the design of the anten-
na should use the total volume available.6,7
The upper theoretical limit is never reached,
and the design of small antennas is thus a
trade-off between bandwidth and gain for the
antenna chosen for the given application.2,8
Many authors have dealt with the issues
JESPER THAYSEN
Nokia Denmark
Copenhagen, Denmark
KAJ B. JAKOBSEN
Technical University of Denmark
Lyngby, Denmark
The planar inverted-F antenna (PIFA) iswidely used in cellular phones, primari-ly due to its compactness and size.1 The
demand for communication devices for per-
sonal communication systems has led to a con-
stant search for ways to reduce the cellular
phone dimensions. Applications, such as loud-
speakers, cameras, etc., are emerging, and
thus the complexity and the requirements of
the antenna system continue to increase. It is
expected that the volume available for the an-
tenna will decrease, since the overall size of
the mobile phone continues to decrease.
However, antenna size reduction is obtained
at the expense of antenna gain and
bandwidth.2 This follows from the fact that an
antenna is used to transform a bounded wave
into a radiating wave.3 An antenna performs
this transformation with poor efficiency when
it is much smaller than a wavelength.4 The
ESTIMATION OF THE
OPTIMAL LOCATION
OF METALLIC OBJECTS
INSIDE A MOBILE PHONE
Planar near-field measurements of the electric field components are used to determine where to place
external components, such as a loudspeaker or camera, without significantly affecting the radiated
field. The location of the peak value of the electric field is discussed. The three principal electric field
components are simulated in order to illustrate which of the individual components contributes the
most to the total field. The measured and simulated results are compared and discussed in terms of the
radiation from the planar inverted-F antenna (PIFA) element itself and from the ground plane of the
antenna. The study shows that the optimal location of a camera or a loudspeaker can be determined
directly from the raw, unprocessed, electric near-field distribution. The result is that metallic objects
should be located in areas below local minima in the electric field amplitude of the total field.
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regarding the minimization of anten-
nas suitable for cellular applications.
Skrivervik, et al. are the authors of
the most recent publication.9
Another challenging task in mini-
mizing the antenna is that the distance
between the antenna and the other
components, such as the loudspeaker
and the camera, decreases as well.
This motivates the need for informa-
tion regarding how the antenna should
be placed on the ground plane as well
as the placement of other components
with respect to the antenna and the
ground plane. This task is also moti-
vated by the fact that applications such
as Bluetooth, diversity and multi-
input-multi-output (MIMO) may re-
quire an extra antenna inside the mo-
bile phone. Hence, information is
needed regarding how these antennas
could be oriented in order to mini-
mize the coupling.10 Another impor-
tant factor that also motivates the in-
vestigation of the near-field from cel-
lular phones is the specific absorption
rate (SAR), which is a measure of the
energy absorbed by human tissue. 
One way to obtain this kind of in-
formation is through the use of planar
near-field measurements.11–14 The
near-field is usually transformed to
the far-field data; nevertheless, it is
the raw, unprocessed, near-field data
that is presented and used in this arti-
cle. The purpose of this research is to
determine whether the raw, un-
processed, near-field data can be
used as a design parameter. 
The main objective of this re-
search is to investigate how the near-
field is distributed at small distances
from the ground plane of the PIFA
antenna. The results show that, at
distances very close to the antenna
structure, it is the antenna element
that dominates the field. At larger
distances, however, the dominant ra-
diated field is due to the current that
is induced in the ground plane and
not the current on the antenna ele-
ment itself. This information could be
used when one has to place two or
more antennas within the same
phone. The result could also be used
to explain, and thus indicate, how to
minimize the mutual coupling be-
tween the antenna elements. The lo-
cation of the peak value of the elec-
tric field is discussed. The three prin-
cipal electric field components are
simulated in order to illustrate how
the individual components contribute
to the total field. The measured re-
sults are compared to the simulated
results and discussed in terms of the
radiation from the antenna element
itself and from the ground plane of
the antenna.
In order to analyse the antenna,
the IE3D computer program16 was
used to predict the performance of
the antennas in terms of their scatter-
ing parameters and their input im-
pedance as well as the electric field
distribution at short distances from
the antennas. The simulated results
are compared with the corresponding
experimental results to show the ef-
fectiveness of this approach. The
measured results are in good agree-
ment with theory. 
MATERIALS AND METHODS
The antenna configuration pre-
sented consists of two PIFAs with
small differences in length and width.
They are located on a 40 by 100 mm
ground plane. The antenna A1 is 36
mm long, 1.2 mm wide and 7.5 mm
high. The feed point is located 3.3
mm from the edge where a 90° bend
forms the short to the ground plane.
Antenna A2 is oriented parallel to A1
and is 35 mm long, 0.9 mm wide, 7.5
mm high, and the feed point is locat-
ed 1 mm from the shorting pin. The
separation between the PIFAs is 2.5
mm. The layout is illustrated in
Figure 1.
A planar scanner is used to perform
the measurements. The step size is 4
mm, leading to a total of 544 measure-
ment points for a 64 by 124 mm area.
This area covers the ground plane plus
an additional 12 mm on each side of
the ground plane.11 The probe used
for these measurements is a three-di-
mensional E-field probe, designed for
electric near-field component mea-
surements up to 3 GHz.15 The mea-
surements are carried out at 1950
MHz, that is at the resonant frequency
of antenna A2. The measurement fa-
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s Fig. 2  Simulated (a) and measured (b) electric field, 2.5 mm above the radiating element at
1950 MHz.
cility gives the total amplitude of the
electric field as well as the x, y and z
components. These measurements are
compared to the results obtained from
the IE3D computer program.
In the planar scanning technique,
the probe is moved in a plane situat-
ed in front of the antenna and the re-
ceived signal (amplitude) is recorded.
The position of the probe is charac-
terised by the coordinates (x, y, z0) in
the xyz coordinate system of the an-
tenna. During the scanning, z0 is kept
constant, while x and y are varied.
The field is measured at two dis-
tances: z0 = 2.5 and 22.5 mm, corre-
sponding to free space distances of
0.016 λ and 0.15 λ, which are equiva-
lent to an electric length of 6° and
52°, respectively. It should be noted
that the distance between the ground
plane and the measurement planes
are 10 and 30 mm, since the antenna
height is 7.5 mm.
RESULTS AND DISCUSSION
The simulated and measured field
distributions, shown in Figure 2, give
the electric field amplitude at 2.5 mm
above the radiating element. In all
sub-figures, the highest field intensity
(red) is found in the region where the
PIFA elements are located, that is in
the lower part of the figures. 
The shape of the total electric field
corresponds to the shape of the an-
tenna elements. It is
seen that the largest
contribution is lo-
cated at the open
end of the radiating
elements. Due to
the very narrow ele-
ments in the y di-
rection, the field
contribution from
the x component is
expected to be low,
as indicated by one
major contribution.
The peak radiation
of the x component
is found at the open
end of the radiating
element. The differ-
ence observed
when comparing
the measured and
the simulated x
components could
be caused by at
least two things.
First, the prototype
is handmade, using
a scalpel, and thus
not perfectly rectangular, as in the
simulation model. Secondly, if the
prototype is not fully aligned, then
the measured x component contains a
y component as well. The y compo-
nent follows the shape of the ele-
ments, that is two major contribu-
tions, both two long and narrow re-
gions, as expected due to the shape of
the antenna elements. For the z com-
ponent, one can observe two long and
narrow regions due to the shape of
the antenna. The highest field ampli-
tude is obtained above the antenna
element itself. In both the simulated
and measured cases, one could also
observe a contribution from the z
component that originates from the
open end of the radiating element to-
wards the centre of the ground plane. 
Although the higher resolution for
the simulated results yields better vi-
sualization of the trends, the mea-
sured results show good agreement.
One of the most obvious differences,
when looking at the total field and
the x component of the electric field
plot at 2.5 and 22.5 mm (see Figure
3) above the ground plane, is the dif-
ferent location of the maximum in
the field intensity. In the lower plane
(2.5 mm), the field seems to originate
from the open end of the radiating el-
ement, that is the PIFA elements
themselves. This fact changes when
looking at the electric field obtained
20 mm further away. Here, it is more
likely that parts of the radiated field
originate from the geometrical centre
of the element. The maximum of the
z component is, at both distances, lo-
cated above the feed and short pin.
However, observing in the 2.5 mm
plane, the major part of the z compo-
nent contribution originates from the
open end of the radiating element,
whereas a null is observed in the 22.5
mm plane. The maximum of the y
component is located at (x, y) = (30,
20). This is not above the radiating el-
ement, which indicates that some
kind of radiation from the ground
plane exists.
OPTIMIZATION OF THE
LOCATION OF A METALLIC CUBE
HAVING A SIZE OF 7 × 7 × 7 mm3
The size of the cube is assumed to
model a loudspeaker or a camera.
The simulated electric field compo-
nent, 2.5 mm above the antenna
ground plane at 1950 MHz (see Fig-
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s Fig. 3  Measured electric field components 22.5 mm above the radiating element at 1950 MHz.
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metallic cube located at different positions (F = 1950 MHz).
ure 4), can be compared with the
corresponding simulations where the
metallic cube is located at different
locations. The location is varied from
(x, y) = (0, 7) to (27, 7) in five steps,
namely at x = 0, 6, 10, 20 and 27 mm
from the left edge of the ground
plane.
By comparing the shape of the to-
tal electric field, it can be seen that
locating the metallic cube at either (x,
y) = (20, 7) or (27, 7) affects the near-
field the least. Most affected is the (x,
y) = (0, 7) case. Here, the metallic
cube is located nearest the open end
of the PIFA arms. Using the raw data
of the electric near-field to visualize
the results gives rise to a rather sub-
jective evaluation. In Figures 5, 6
and 7, the simulated reflection coeffi-
cients of antennas A1 and A2 and the
mutual coupling are shown and can
be compared in a more objective
manner.
Changing the cube location from 0
to 27 mm, the resonant frequency of
antenna A1 decreases from 1920 to
1905 MHz. The original resonant fre-
quency of antenna A1 is 1910 MHz.
For cube locations of (x, y) = (0, 7),
(6, 7) and (10, 7) the bandwidth is in-
creased significantly as compared to
the original case. The wider band-
width is caused by constructive inter-
ference between the metallic cube
and the antenna arms.
When locating the metallic cube
nearest to the shorting pin of the
PIFA, that is at (x, y) = (27, 7), the
resonant frequency is 1945 MHz.
This is slightly higher than the reso-
nant frequency of antenna A2 in the
original case (1940 MHz). A decrease
in resonant frequency to 1920 MHz
is observed when the metallic cube is
moved towards (x, y) = (0, 7).
From the reflection coefficient re-
sults shown, it is observed that the
resonant frequencies of the two an-
tennas change in opposite directions.
When changing the location of the
metallic cube from (x, y) = (0, 7) to
(27, 7), the resonant frequency of an-
tenna A1 is decreased from 1920 to
1905 MHz. Simultaneously, the reso-
nant frequency of antenna A2 is in-
creased from 1905 to 1945 MHz.
This result explains the behaviour of
the mutual coupling that is shown.
The original case yields a mutual cou-
pling of S21 = –3 dB. The strongest
coupling of –1.6 dB is obtained at
1905 MHz, with the metallic cube lo-
cated at (x, y) = (0, 7). This is a 3.4
dB stronger coupling as compared to
the –5 dB obtained at (x, y) = (27, 7)
case.
CONCLUSION
This study shows that metallic ob-
jects that are placed in the regions
above the ground plane where the
field intensity is the lowest, affect the
antenna performance the least.
Hence, the optimal location of a
metallic object, which might be a
loudspeaker or a camera, can be de-
termined directly from the raw, un-
processed, electric near-field distrib-
ution.
In the cases where the metallic ob-
ject is located closest to the open end
of the radiating element, the antenna
performance is affected the most.
Thus, the conclusion is that metallic
objects should be located in areas hav-
ing a local minima in the electric field
amplitude of the total field, and one
should maximize the distance between
the metallic object and the open end
of the radiating elements.  n
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